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SUMMARY

Purpose and Significance of this Study

Industry, government and universities in the United States and across the world have
demonstrated a heightened interest in innovation as a driver of economic growth. That
innovation—broadly understood as the application of discoveries and inventions—might be
critically important to the vitality of the economy is not a new notion. Joseph Schumpeter
identified the centrality of innovation to economic growth in Theory of Economic Development,
published in 1911, and Adam Smith’s The Wealth of Nations in 1776 reflected the fundamental
changes spurred by the first industrial revolution. But even a small sampling of business and
economics books published in the last 20 years shows a continued interest in the role of
innovation in both broad economic terms and more finite industrial analysis. Such interest has
permeated national culture, too, as recent biomedical and information technologies have
dramatically shaped and been shaped by changing popular perceptions and needs.

The innovation process, though pervasive, is not formulaic. Every industry—and, for that matter,
every technology within an industry—can displace established practices and companies through
an idiosyncratic process of “creative destruction” when innovations are successfully
commercialized." Cycles of creative destruction vary across industries, partly due to the different
relationships between science and engineering and the technologies associated with specific
industries (Nelson 1998). Industries with closer ties to science and engineering are likely to
experience more frequent cycles of creative destruction, while industries less dependent on
science and technology have longer periods between disruptive innovations and instead rely on
refinements of existing technologies.

Housing is clearly in the latter category. For the most part, innovation in this sector has refined
established technologies and materials or incrementally replaced existing materials and
equipment. As a result, homebuilding is sometimes criticized as a laggard industry that is
resistant to change. Technologies and practices persist for long periods in homebuilding for
various reasons, many still unknown.

In 2003, PATH commissioned a pioneering study on the diffusion of innovations in the
homebuilding industry. The report from that study (Koebel et al. 2003) reviewed the research on
the diffusion of innovation in construction as well as other industries. It reported the results of a
national survey of home builders on their decisions to adopt new products, processes, and
technologies and presented an analysis of the correlation of company size and geographic region
to company innovativeness, measured through the use of several innovative products in the
National Association of Home Builders Research Center’s Annual Builder Practices Survey
(ABPS).

Though not fully representative of the full homebuilding population, the 2003 study resulted in
the following key findings:

! Schumpeter’s theory of economic growth identified innovation as a central force for long-term growth. In this
view, innovation is inherently disruptive in the sense that it creates opportunities for change (Schumpeter 1911,
1942). This “creative destruction” forces existing firms to adapt to new technologies or perish.

vii



At the early stage of diffusion, national and regional firms, multifamily and modular
builders, and single-family custom builders are more likely to adopt innovations than are
local single-family production builders.

Although sales and supplier representatives, subcontractors, and trade shows are
important sources of information about new products and materials for all builders, early-
stage adopters rely on technology transfer programs and universities more than middle or
late-stage adopters.

Although small, less established manufacturers often are the first to introduce new
products, residential building construction adopters rely heavily on established
manufacturers who stand behind their products.

A key business strategy for over two-thirds of the builders in the survey was establishing
a reputation for high quality and durable homes and quickly addressing any problems
buyers reported in those homes.

A higher level of adoption of new products, materials, and practices by home builders
was generally associated with: having a technology advocate within the firm (most often
the owner); a company emphasis on being creative and being the first to use new
products and technology transfer programs; the use of union labor (at least some of the
time); and explicit demand from informed homebuyers.

In contrast, a lower level of adoption was generally associated with local production
builders and builders who emphasize marketability and profit, who associate the firm’s
success with land development, and who emphasize the “tried and true” rather than
risking new materials and products.

The 2003 report’s analysis of annual diffusion rates for specific technologies from 1995 to 2001
in the ABPS demonstrated even further complexity. Diffusion of some technologies began with
larger builders, while small builders spearheaded the adoption of others. Similarly, some
technologies entered the market in more expensive homes and others in low cost homes. These
differences reflected the relative advantages of these products within regions, differences in
supply and demand between market segments, variances in distribution and access to
technologies, and different business philosophies and strategies. As an example of the last
potential cause for innovation variances, large builders appeared to stress cost savings,
improvements in production, reduced call-backs, or reduced exposure to liability, whereas
smaller builders stressed high consumer awareness (demand pull) and were less concerned about
price or impact on production processes.

Most of the responding homebuilders to the 2003 study were small firms. Nearly two-thirds of
them built fewer than 25 houses in 2001 and three-fourths built fewer than 50 houses. Only 15
percent of the respondents built 100 or more houses in 2001. Although the findings helped
identify differences in innovation between larger and smaller builders, the survey predominately
reflected the experiences of smaller builders.
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In order to understand innovation among larger builders, specifically large production builders,
PATH commissioned a national survey of production builders building 200 or more homes a
year. This universe includes several national (and international) homebuilding firms, of which a
few have become publicly traded Fortune 500 companies, as well as regional and local housing
production companies.

Synopsis of Findings

The findings of this study advance our understanding of building technology innovation among
production builders in particular and conceptually for the homebuilding industry at large. The
key findings are that:

= Size matters. Larger national production home builders are more innovative than smaller
production builders.

= Organization matters. Decentralization contributes to innovation at regional and local
operational levels, where decisions on innovative products and materials are often
made—assisted by technology support from national offices. Influence over innovation
spans across purchasing, marketing, and construction. The opportunities for building
technology innovation, then, are negotiated throughout these companies.

= Purchasing matters. While numerous departments within a production builder’s
organization can influence technology adoption, purchasing departments across the
company play a large role in influencing and making decisions on new products and
materials for production builders. The corporate head of purchasing was identified by
93% of the corporate respondents and 54% of the operations respondents as having
significant influence over decisions to adopt a new building product, material, or process;
regional and local purchasing directors were also identified as having significant
influence.

= Vision matters. Most production builders believe building technology innovation
involves serious risks but also that innovation can contribute to higher quality and
performance. Large production builders agreed with smaller builders that innovative
products and materials cost more than those they replace and subcontractors are resistant
to using new products. Production builders with aggressive growth plans included
building technology innovation as one element in their plans to increase market share and
profitability.

= Information sources matter. To keep up-to-date on building and construction products,
materials, and practices, production builders rely on local offices within the company,
subcontractors, manufacturers, and wholesalers and suppliers. They also appear to use
technology transfer programs to a greater extent than small builders, though both sectors
mostly rely on established manufacturers and suppliers that stand behind their products.



= Focus matters. Production builders were most likely to invest in innovations that reduce
construction defects and call-backs, improving subcontractor dependability, and
improving the style and attractiveness of the homes they build, followed by investment in
cost reduction and reduced cycle times. Less than half of the production respondents
rated investments in building technology as a means to improve market share as very
likely, and a slightly smaller group rated creation of formal R&D as very likely to affect
share. However, one-fifth to one-half of the respondents included core aspects of building
technology as part of their business strategies, and three-fourths of the companies
identified research and technology development as part of their corporate strategy. So,
technology can be an important part of production builders’ business models—but only
one of many.

= Barriers matter. Production builders are more prone than small builders to think that
building codes impede innovation, that new building products increase risks of call-
backs, and that their own construction workers are resistant to innovation.

= Opportunities matter. Beyond the reasons for initially investing in technology, builders
see many opportunities for reaping benefits once the technologies have been
implemented. Production builders rated increased quality as the highest benefit from
building technology innovation, followed by meeting customers’ expectations, increased
competitiveness, creating an image as an innovative builder, and reducing call-backs. The
opportunities for building technology innovation could increase significantly in the
coming years, as the survey respondents identified trends in energy costs, land costs and
availability, labor, and competition from large national builders as likely to influence
building technology innovation over the next 10 to 20 years.

Elaboration of each these findings, as well as survey results and further research
recommendations, is provided in the following discussions.






PREVIOUS RESEARCH ON INNOVATION IN RESIDENTIAL
CONSTRUCTION

Attention to innovation in construction, particularly residential construction, has increased with
the recent publication of several scholarly books on construction innovation (for example, Gann
2000; Manseau and Seaden 2001; Manseau and Shields

2005) and the introduction of a journal (Construction More research has occurred on
Innovation) devoted exclusively to the topic. Further, three innovation in construction in the
major public programs devoted to residential construction past decade than in multiple
innovation in some form were created: Building America; previous decades.

EnergyStar®; and PATH. Significant industry and consumer

attention has also been paid to residential construction concerns. Although construction is still
very much underrepresented in the research literature on innovation, more research has occurred
on innovation in construction in the past decade than in multiple previous decades.

The focus of this review of literature is to identify the issues that affect the adoption decision and
the adoption process of innovative technologies by large production builders. (For earlier
reviews of research on residential construction innovation, see Toole 1998; Slaughter 1993a,
2000; Koebel et al. 2003; Hassell et al. 2003.) Although firm size is often taken into
consideration in studies of innovation, in searching the literature revealed no prior studies that
specifically targeted large organizations within the residential construction industry. Previous
studies related to innovative adoption practices of home builders were either based on samples
dominated by small firms or targeted small to medium sized builders.

In 2003, two significant contributions to the understanding of diffusion of innovative
technologies in the residential construction industry were published: The Diffusion of Innovation
in the Residential Building Industry (Koebel et al. 2003) and Building Better Homes (Hassell et
al. 2003). The former was summarized in the previous section. Hassel et al. (2003) reviewed the
state of innovation in the building industry and provided strategies for the government to
promote innovation in the homebuilding industry. They pointed to three major categories that
motivate builders, manufacturers, or other homebuilding stakeholders to innovate: “seeking
competitive advantage” (when decisionmakers believe adopting an innovation may differentiate
their product or reduce costs and increase profits); “improving technological efficiency” (when
the decision to innovate is not based on need but on a desire to have a better quality product or
production); and “meeting external requirements” (when the decisionmaker is forced to innovate
due to a change in building codes or existing consumer demand). They also pointed out that
decisionmakers’ past experience, context, environment, and professional training contribute to

their_deci_sior) of whether or not to adopt_an innoyation. “Enabling and influencing agents”
The implications are that “enabling and influencing may act to expand a decisionmaker’s
agents” may act to expand a decisionmaker’s frame of frame of reference, allowing broader
reference, allowing broader acceptance of new ideas. acceptance of new ideas.

Hassell et al. (2003) identified the size of builders as an

important factor relating to the adoption of innovations, although there is disagreement on this
issue in the literature. Other factors affecting adoption of innovations in the homebuilding
industry, as discussed by Hassell et al. (2003), were competition (as in the impacts of reputation,
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differentiation, and profits) and business fragmentation. Fragmentation includes several
dimensions: geography (manifesting in different regulations and codes and/or information
sharing), horizontal organization (resulting in possible problems in communications between
builders and in turnover rates), and vertical organization (from independence rather than
interdependence within the process, information sharing, and the protection of intellectual
property associated with a new product). In addition, they pointed out that homebuilding is a
complex process that includes multiple participants with different but often interrelated motives
that impact innovation.

The broad categories that Koebel et al. (2003) identified as possible determinants of adoption
and diffusion serve as a useful organization of the literature pertinent to residential production
builders. The categories are Organizational Structure, Organizational Culture and Decision
Process, Human Resources, Market Context, Industry Characteristics (including communication
channels and social networks, particularly between suppliers and venders), Technical Attributes
of the Innovation, and Economic Attributes of the Innovation. These categories also serve as
operationalizing guides for this study.

Organizational Structure

The impact of fi'rm size pro_bab_ly has be_en dispussed _ The impact of firm size probably has
more than any single organizational attribute influencing been discussed more than any single
adoption and diffusion. Yet, size does not appear to have organizational attribute influencing

a uniform relationship to innovation. The capital, talent, adoption and diffusion. Yet, size does
and market advantages of large firms could enable them not appear to have a uniform

to be more innovative, as suggested by Hassell et al. relationship to innovation.

(2003), but this is not always the case. Large builders are

constrained by their responsibilities to shareholders or other investors to not risk losing quality,
safety, and profitability—all of which may be an outcome of adopting an innovative technology.
Since they produce a significant number of units quickly, large builders are especially vulnerable
to compounding the effect of defective innovations.

Slaughter (1993a) demonstrated that small firms are a significant source of innovation in
homebuilding. Koebel et al. (2003) found that national builders were more innovative than
builders operating in a single market area but otherwise found that size was not statistically
significant. The sample for that study, however, was dominated by small firms. In their analysis
of the NAHB Annual Builder Practices Survey, they also found that the impact of firm size on
innovation was mediated by the characteristics of the innovation. Hudson and Cantrell (2004)
found that larger builders are more likely to be the first to adopt innovative materials if they
result in cost savings, improvement in production process, or a reduction in call-backs or other
liabilities. Eastin et al. (2000) argued that small builders tend to adopt modifications of materials
and technologies to fit the existing housing system, while larger firms are more likely to
introduce more substantial or radical innovations. Furthermore, small builders might be more
sensitive to the opinions of their customers, making them more responsive to “demand-pull.”
Several studies of commercial construction point to higher innovation levels for medium and
large firms than for small firms (Seaden et al. 2003; Kangari and Miyatake 1997; Nam and
Tatum 1992) and associate this phenomenon with their greater access to capital and talent.
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Koebel and McCoy (2006) argue that larger firms might be more path-dependent (that is, reliant
on extant practices) and resistant to change than some small homebuilding firms, where the
owner has more direct control and can champion innovation more effectively. According to
several prominent analysts of innovation (Christensen 1997), disruptive innovations (those that
change industry practices significantly) are most likely to come from—and, similarly, be adopted
by—new companies (either start-ups or companies entering the industry from some other sector)
that develop completely new business models for the industry. In short, the verdict is still out as
to the effect of firm size on innovativeness.

Further complicating this picture are the definitions and parameters for size. Although measuring
firm size would appear to be a simple task, it is complicated when data are collected at the level
of operational offices (most studies have been done on an establishment, or local office, basis).
Large homebuilding companies decentralize their operations to metropolitan and regional levels,
in part due to the importance of site variability in construction (Koebel and McCoy 2006).
Measuring the size of the “company” can thus confuse the size of the local establishment and the
size of the larger corporation. Research to date has not adequately addressed this complexity.

A less studied subtopic in the field of organizational effects on construction innovation has been
the organizational structure of a firm. Since larger firms are likely to have more formal and more
complex organizational structures, this intervening variable could be a significant causal factor
for adoption rates. Certainly, the centralization of decisionmaking, organizational complexity,
and formalization could be possible impediments to innovation. Since most studies of residential
construction have involved small companies, the relationship among these organizational
characteristics of larger, more complex firms has not been studied. Among smaller home
builders, the owner is often both the technology champion and the decisionmaker (Koebel et al.
2003). When the owner of a small firm is a technology champion, the firm is more likely to be
innovative, and purchasing, design, and marketing departments have less frequent influence on
innovation in these firms. There is no evidence in the literature regarding how this plays out in
larger firms.

Organizational Culture

Organizational culture, as opposed to size and structure, reflects the firm’s business strategy,
approach to innovation, support for innovation champions and R&D, and emphasis on internal
and external cooperation or competition. Past research has found that business strategies
emphasizing innovation and the presence of technology champions contribute to innovation.
Though intuitively obvious, home builders who portray
themselves as innovative and that have in-house Business strategies emphasizing
technology champions are indeed more innovative. Yet, innovation and the presence of
few firms in the construction industry, with the possible EE ATE 102} S (S GEnITHE 9
exception of production builders, have the necessary nnovation.

resources to maintain a formal R&D program. In

addition, Koebel and McCoy (2006) argue that a combination of risk factors and difficulties in
exacting first-mover advantage associated with homebuilding make a second-mover business
strategy more rational than a first-mover strategy in the industry.
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The construction industry is often criticized as resistant to change and depicted as a “laggard”
relative to innovation (Koebel 1999; Hassell 2003; Toole 2001). Much of this literature was
based on studies of small firms with limited resources for innovative strategies or investment—
the industry’s cultural norm. Although it seems reasonable to assume that organizational culture
partially reflects the industry within which the organization operates, this has not been addressed
in the research literature; the link between size and culture must still be explored. It also seems
reasonable, further, that the recent shift toward greater industrial concentration by national
production builders is also transforming the industrial culture, though this also remains to be
explored.

Other studies of business strategy and organizational culture issues that have been found to
influence innovation in residential construction are summarized below.

= Blackley and Shepard (1996) argue that firms that operate in multiple markets reduce
risks and increase opportunities for regulatory acceptance.

= Slaughter (2000) claims that small firms are risk-averse.

= Toole (1998) makes many conclusions relating to organizational culture, including the
observation that those firms who inadequately manage knowledge and scan for
technology have reduced innovation and, as a corollary, those that seek wider
involvement in vetting innovation rates and make better use of diffuse, tacit knowledge
reduce uncertainties and consequently increase innovation rates.

= Koebel (2003) discerns correlations in innovativeness among those organizations that
have no explicit plans for growth or change from those who do (a positive relationship),
as well as those that do but emphasize “land development” or “increased profits” over
“increased productivity” within those plans (a negative relationship).

Again, it is evident that there are a variety of studies in the field, and there are numerous gaps in
our understanding of innovation in home building.

Human Resources

The breadth and depth of internal talent available to a company can promote greater innovation
through leadership and technological competence as well as increased sources for innovative
ideas within the company (Ling 2003; Tatum 1984; Tatum 1989; Gann 2000; Nam and Tatum
1997). The human resources available to a company can also increase its ability to assess or
reduce the uncertainties associated with innovation (Toole 1998).

Human resources within the residential construction firms are limited by firm size. Many
companies have only a handful of direct employees and professional specialization is rare within
firms. The emergence of larger firms provides more opportunities for depth and breadth in
human resources, ranging from corporate and regional executives and managers to onsite
managers, construction supervisors, and laborers. This diversity and depth of talent can create
opportunities for identifying and assessing innovations, but only if companies develop the
knowledge management tools to identify, capture, analyze and use this information. The
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relationships between knowledge The emergence of larger firms provides more

management, organizational learning, and ...depth and breadth in human resources,
innovation are receiving increased attention ..[which] can create opportunities for identifying
(Park and Kim 2006) but have yet to be and assessing innovations, but only if companies

develop the knowledge management tools to

addressed with any depth in the construction identify, capture, analyze and use this information.

industry (Demaid and Quintas 2006).

Market Context

Market context is said to play a significant role in the adoption of innovation among the
community of homebuilders. Of greatest interest among the market context factors are: the
agency of clients and buyers; the restrictiveness of building codes and regulations; and the
pricing effects of non-construction costs (such as land).

The role of clients in promoting construction innovation is one of the most striking themes
running through the literature. The theme is an echo of findings in many other industries (Winch
1998). Nam and Tatum (1992) and Gann (2000) argue that clients play a key role in requiring
more innovative construction in large commercial projects. However, Koebel and McCoy (2006)
argue that client involvement in homebuilding only occurs in high end, custom building, and
demand-pull is less likely to be significant in other segments of the industry.

Codes and regulations that increase costs and uncertainty are associated with innovation rates
(Ventre 1973; Blackley and Shepard 1996; Slaughter 2000; Toole 1998). Gann and Salter (2000)
address the relationship between governments and builders and argue that government regulatory
policies exert a strong influence on demand and play an important part in shaping the direction of
technological change. Regulations that guarantee markets might spur innovation (Miozzo and
Dewick 2002), but government regulations have generally been seen as hampering innovation
(Dubois and Gadde 2002). However, in Koebel et al. (2003), more builders disagreed than
agreed that codes and regulations were a barrier to technology diffusion.

An increasing contribution of land costs

. . An increasing contribution of land costs relative
relative to construction costs also appears to

to construction costs also appears to reduce the

reduce the value of building technology value of building technology innovation ... and as
innovation (Slaughter 2000), and as a result a result land acquisition might be a primary
land acquisition might be a primary determinant of profit.

determinant of profit (Koebel 1999; Ball 1999)
over productivity or changes (like technology) therein.

Numerous other market characteristics have been identified as negatively influencing innovation
in residential construction, including variability and complexity of residential structures (Toole,
1998); site variability (Toole 1998); demand and price volatility (Slaughter 2000); and time
frames required for production (Toole 1998). Because these factors are inherently part of
homebuilding as an industry and homes as its products, further studies in these areas are of a less
operational interest. Rather, the preceding three issues are of direct relevance to differences in
perceptions among homebuilders.
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Industry Characteristics

Koebel (1999), as well as Hassell (2003) and Toole (2001),
stated that complexities within the construction industry
make introducing innovation technologies difficult,
because the technology may have to be compatible with
numerous parties (the general contractor, subcontractors,
the lender, and the insurer). The social (organizational)
networks involved in construction are complex and are
frequently cited as impediments to innovation adoption, but their role has not been clearly
established in the research literature. Diffusion theory attributes the spread of innovations to the
social and communications networks that link people and organizations. The rate and overall
magnitude of diffusion is based on the density of these networks between the sources of
innovations (for example, manufacturers and suppliers) and early or later adopters.

Complexities within the
construction industry make
introducing innovation technologies
difficult, because the technology
may have to be compatible with
numerous parties.

Although the internal social networks associated with larger builders are likely to involve more
nodes and layers, the impact of this complexity on technological adoption is uncertain. Similarly,
the difference between that and the complexity arising from the smaller, but more external,
network of smaller builders is not clear. Social networks could play a significant role in adoption
behavior for large builders due to the intricacies of the building process and number of parties
involved in that process. Production builders rely on standardized construction processes and
relationships with subcontractors, which shorten cycle times (the length of time required to
complete a housing unit) and assure uniform quality, in order to improve efficiency and
profitability. Production builders are likely to be resistant
to changes that interfere with their production process,

Production builders are likely to be

unless the changes are highly likely to contribute to
efficiency and profitability. These relationships are
managed at multiple levels with site supervisors managing
scheduling and quality control, while regional managers

resistant to changes that interfere
with their production process, unless
the changes are highly likely to
contribute to efficiency and
profitability.

handle contractual relations. No general research has been
conducted on whether or how companies manage these
relationships, let alone research relative to innovation.

Very little is actually known about how social networks in construction operate. Toole (1998)
and Slaughter (2000) point to a wealth of tacit knowledge, the ability to provide field testing, and
involvement in integrating products within the housing system as advantages that builders have
within the industry in deploying innovation but did not investigate whether relationships between
manufacturers, suppliers, and builders impede or facilitate innovation. Harkola (1995) observed
that firms that attempt to formalize that tacit knowledge increase innovation adoption within
international infrastructure construction firms.

Within residential construction, the multi-firm production of housing and industry fragmentation
(dominance of the industry by small firms) has often been cited as an impediment to innovation,
but Blackley and Shepard (1996) did not find any impact attributable to industry fragmentation.
In Koebel et al. (2003) sales and supplier representatives, subcontractors, other builders, and
trade publications were the most influential sources of information on innovation, while
universities and technology transfer programs were the least influential (Koebel 2003). Suppliers
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were rated the most important for cooperation in innovation, followed by subcontractors,
manufacturers, and project managers. In addition, innovators relied on established companies
that stand behind their products. If coordinated, following this logic, innovation channels could
conceivably overcome purported fragmentation barriers.

The quality and quantity of use of these social network and communication channels, of course,
are just as important as their existence. Toole (1998) found that a greater number of information
sources reduced uncertainty associated with innovation. Builders who process and gather more
information about innovations are more likely to be early adopters, obviously. Adoption of high
risk innovations requires more sources of
information and greater quality of information as | Builders have an advantage over manufacturers
well as knowledge of multiple sectors of the in being able to demonstrate the efficacy of an
environment. Slaughter (2000) argues that i””O"aﬁ‘?F tﬂ;g:%?f;:ﬁb‘ittezg?a%:ﬁ dt?]:(r)r:arket
inadequate opportunity for field testing reduces berofits from that field te)s/ting. g

innovation in construction. Builders have an

advantage over manufacturers in being able to

demonstrate the efficacy of an innovation through field testing but do not necessarily obtain the
market benefits from that field testing.

One particular set of relationships in this network is particularly worthy of mention and
elaboration: the supply chain. The 2003 survey results (Koebel et al. 2003) pointed to the
possible influence of supply-chain relationships on innovation among homebuilders, although
there was very little data collected on this topic. Innovative homebuilders emphasized both the
roles of manufacturers and suppliers as important sources of information about new products,
and their reliance on manufacturers that they trust to stand behind their products. Other, albeit
largely anecdotal, evidence also suggests the importance of supply-chain relationships to
builders’ decisions about innovation.

Given the strategic placement of manufacturers and suppliers, it is surprising that their role in
innovation in the homebuilding industry has been overlooked until very recently. Slaughter
(19934, 1993b) found that manufacturers largely ignored the opportunities to commercialize
innovations originated by homebuilders. As noted already, field testing is critical for reducing
uncertainties surrounding new building products but Slaughter finds that manufacturers leave
this to builders who are willing to absorb first-mover risks. Koebel and McCoy (2006) argue that
these risks contribute to the reluctance of home builders to adopt innovations that have yet to be
proven in the field. This area deserves additional scholarly attention.

Technical Attributes of the Innovation

The magnitude of change required for implementing an : :
innovation is part of its complexity and is assumed to be | The magnitude of change required for

- . o . . implementing an innovation is part of
positively associated with risk and, in turn, negatively its'?:omplexig B tg -

asso‘fi@ted_With @dOPtion- S|aU9_1hter’_5 (_1998) _ positively associated with risk and, in
classification of innovations might similarly reflect risk, | turn, negatively associated with
but she does not address the relationship among these adoption.

categories to risk: “incremental” (small, based on
existing experience and knowledge), “radical” (a breakthrough in science or technology),
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“modular” (a change in concept within a component only), “architectural” (a change in links to
other components or systems), or “system” (multiple, integrated innovations). She does report
that integrative innovations are seen as prohibitively risky. Similarly, Toole (1998) reports that
builders are reluctant to adopt architectural or system innovations due to uncertainties
surrounding costs and benefits and assumptions that innovations are too risky without ample
field testing and demonstration of results. Comparisons of qualitatively different technologies’
adoption rates are needed, while being conscious of the effect of different technologies among
respondents’ biases.

Economic Attributes of the Innovation

Nam and Tatum (1992) explored the role of potential economic causes for innovation (that is,
supply-push versus demand-pull) as well as the processes involved in converting those causes to
internal innovation decision-making. Yet very little work explores the microeconomic patterns
(or macroeconomic ones, for that matter) of construction innovation.

Rather, more work explores non-financial economic causes. Competitive advantage is one of the
major motivations for builders, manufacturers, or other

homebuilding stakeholders to innovate (Hassell 2003; vl Dmerilion &e sl i reelizat)
it can be very complex and difficult to

Mitropoulos and Tatum 1999). Mitropoqlos and _Tatum clearly establish their relative
(1999) aISO demonstrate that the faCtOI’S |nﬂuenC|ng advantage_ In addition’ consumers
adoption of innovations among construction companies | prefer visible benefits (aesthetics) and
change over time as the innovation matures and gains discount invisible building

market share. When innovations are first introduced, it | ImProvements that do not have
demonstrable short-term payoffs. All

can be very complex and difficult to clearly establish of these factors contribute to a fairly
their relative advantage. In addition, consumers prefer widespread perception among

visible benefits (aesthetics) and discount invisible builders that innovation always costs
building improvements that do not have demonstrable more than current products and
short-term payoffs. All of these factors contribute toa | Practices without providing equitable

returns or benefits.

fairly widespread perception among builders that
innovation always costs more than current products and
practices without providing equitable returns or benefits (Koebel et al. 2003).

Recent Advances in Innovation Theory

Some recent work sheds additional light on atypical innovation processes—such as that found in
residential construction. For example, traditional theories of innovation assume that the profit
incentive to innovate is primarily captured by manufacturers through patents and other
protections. Recent history challenges that assumption and demonstrates that a “distributed
innovation process” can exist (von Hippel 1988) and that innovation profits can be captured
outside of manufacturing. This democratizing of innovation (von Hippel 2005) promotes user-
centered innovation as an alternative to manufacturer-initiated innovation. There is, however,
still little evidence of this playing out in the residential construction sector. Experience in high-
tech industries demonstrates that companies can successfully search for innovative ideas to
commercialize without having to be the originator of those ideas through their own R&D
programs (Chesbrough 2003). Approaches to open innovation involve technology scanning,
knowledge management, and data mining to capture ideas from others and to promote learning
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internally. Advances in information technology, for example, are enabling companies in other
industries to overcome the inertia of path dependency and to become adaptive learners. The
implications of these approaches for residential construction, if any, have yet to be explored. But
they do suggest that there are emerging opportunities to look at innovation in residential
construction in new ways, and in finding innovation throughout the supply chain and beyond

traditional sources.

Summary of Previous Research

The themes identified in previous studies of construction innovation are summarized in Figure 1,

through the seven major categories already identified.

Figure 1. Factors Influencing Adoption and Diffusion of Innovation in Residential Construction

Market Context

Industry Characteristics

= Buyers/clients
=  Production factors
o  Property
Products built
Labor
Productivity
Regulations
Competition

Oo0oo0oo0o

Industry concentration
Communication Channels and Social Networks
Manufacturers, suppliers
Subcontractors
Trade Associations
Government
Buyers/clients
0 Universities, labs
O Field testing
Supply Chain and Distribution

Oo0Oo0o0O0

Organizational Structure

Organizational Culture

Human Resources

= Size and resources

=  Organizational complexity
o  Corporate, region, local
o R&D
o  Purchasing
o  Other departments

Business strategy
0 Markets served
o Growth plans
o Core competencies
o Emphasis on land, building
science, process, customer
service, profit
Innovation champions
Value of innovation and R&D
Cooperation and openness

Risk aversion

Organizational position and
role of decisionmaker
Centralization of influence and

decisions

= Number of employees
= Technical specialization
=  Knowledge management

Technical Attributes of Innovations

Economic Attributes of Innovations

Radical vs. incremental
Product, material, process
Improved quality

Improved performance (reduced call-backs)

Relative advantage

Profitability

Uncertainty/risk

Labor saving or materials saving
Improved productivity
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Figure 2 places these categories into a conceptual model of a company’s use of innovative
building materials, products, and processes. The building firm is at the center of the model,
reflecting its role in decisions to adopt building technology innovations though this certainly
does not imply that builders are the only actors in innovation. Double-headed arrows indicate the
organizational and social networks that influence the building firm’s decision to adopt and use
building technology innovations. The model captures the complexity of innovation diffusion in

residential construction.

Figure 2. Factors Influencing Firm’s Use of Innovative Materials, Products, and Processes

Industry Characteristics

Manufacturers
. R&D

. Innovative Products

.| Suppliers

Industry & Trade
Associations

\

Government

Production Building Firm
Org Structure

Org Culture

Industry
Concentration

R&D
Human Resources

L

Subcontractors / \ \

A 4

Firm’s Use of
Innovative
Materials,
Products,
Processes

Buyers/Cllents

Characterlstlcs
of the Innovation

Market Context

e o o o o

Production Factors

Property
Products built
Labor
Productivity
Regulations
Competition

Note that the survey was designed to investigate as many of these themes as possible and to help
illuminate the numerous potential paths of influencing technology diffusion among
homebuilders. As such, measures covering each of these categories were included in the survey
and are further discussed in the next section.
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STUDY DESCRIPTION

General Description

PATH commissioned the authors to conduct a national survey of large production home builders
in order to define characteristics of innovative residential builders, including how and where they
make the decisions to use new technologies and materials. In this study, large production home
builders are defined as companies building 200 or more single-family residential units per year
from stock plans rather than custom designs.

The authors designed a survey instrument based on a review of literature relating to innovation in
the construction industry and pre-survey interviews with industry contacts. Questions that would
address the seven factors influencing innovation shown in Figure 1 were developed.

Since respondents would be representatives of large national or regional builders, information
obtained from corporate headquarters could be different from information obtained from an
operations office serving only some market areas. This relationship between corporate and field
or operations offices became an additional area of interest falling under numerous categories.
The survey then became a potential vehicle for exploring this relationship. Two versions of the
survey instrument were produced: one targeted for respondents working in the corporate
headquarters and one for respondents working in field operations or market area offices.

Questionnaires (either a corporate version or an operations version) were sent to approximately
1,700 NAHB individual members affiliated with the 400 largest builders in the United States. To
increase the response rate, telephone interviews were conducted based on a shortened version of
the questionnaire. In addition, an online version of the questionnaire was offered. The results are
based on 84 responses, 42 corporate and 42 operations level.

To bring a qualitative perspective to the information collected through the mailed surveys,
telephone interviews, and online responses, three concentrated personal interviews were
conducted. Questions based on the results of the quantitative survey were asked of
representatives whose quantitative responses indicated a high level of interest in innovation.

Survey Instrument

To determine the characteristics of innovative production builders in the United States, a
questionnaire was developed to measure the variables that were identified in the literature review
as influencing technology adoption, as well as those obtained from pre-survey interviews with
production builder staff.

Two versions of the questionnaire were developed, one for respondents working in corporate
headquarters and one for respondents working in field or operations offices. The two versions
had slightly different wording in the introduction, which explained the purpose of the survey.
Questionnaires for both respondent groups explained that additional questionnaires were being
sent to both operations level and corporate offices for their respective firms. For the most part,
the same questions were asked of both the corporate respondents and the operations respondents,
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though the operations questionnaire had an additional series of questions asking for basic
information about the operations level office.

The questionnaire contained three major parts, plus the one additional part for operations level
respondents only. These included:

1. New Building and Construction Products asked about influences generally affecting the
use of new building and construction products, materials, and practices (decision factors,
information sources, perceived benefits, costs, and impediments) and covered both the
company’s activities and the respondent’s personal opinions regarding new building and
construction products, materials, and practices.

2. Use of New Building and Construction Products, Materials, and Practices sought
information about adoption of specific new building and construction products, materials,
and practices. Corporate level respondents were asked to answer for their company and
the operations level respondents to answer for their office. First, a list of technologies was
provided and respondents were asked about their use of each of those technologies.
Respondents were asked to write down one specific technology (the first technology the
respondent indicated they currently use). Three questions followed, which asked the
respondents to refer to the one specific technology in answering those questions.

3. Corporate Characteristics asked for information about the company as a whole related to
human resources, organizational structure, market context, and organizational culture.
Both operations level and corporate level respondents were asked to respond for the
company as a whole. Questions posed to the corporate respondents but omitted on the
operations questionnaire were: departments at the corporate level, corporate profit
projections, and number of full time employees.

4. Characteristics of the Office Where you Work (asked of operations level respondents
only) asked for information about the operations level office regarding human resources,
organizational structure, market context, and organizational culture.

The questions on the survey instrument were purposely organized to flow methodically for
respondent convenience rather than by the factors identified in Figure 1. For the purposes of this
discussion, however, questions are categorized according to their related typology factor in
Figure 1. A brief description of each question is provided followed by the corresponding
question number on the corporate questionnaire and the corresponding question number on the
operations questionnaire. For the actual questions and possible responses, see Appendix B
(corporate) and Appendix C (operations).

e Organizational Structure
= The number of homes built in the United States in 2004 (Q16; Q1 and Q25).

= The market areas your company serves (Q15; Q24).

= Proportion of single-family units that are a specific type (Q17; Q2 and Q26).
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Departments your company has at the corporate level (Q21; Q3).

Ways your company supports research and development for new building products and
processes (Q19 and Q20; Q28 and Q29).

Organizational Culture: Influence and Locus of Decisionmaking

Level of the company that identifies and approves use of a new type of siding (Q1; Q10).
Whether anyone would be considered an advocate of innovation (Q3; Q12).

Professional positions with significant influence over decision to use a new building
material and professional position making final decision (the respondents rated the
influence of various positions in deciding to use a new building material and identified
the positions participating in the final decision to use the material) (Q4 and Q12; Q13 and

Q21).

Where in the company (national, regional, local) decisions are made (Q18; Q27).

Organizational Culture: Corporate Philosophy and Business Strategy

Increase in net profits over the next 5 years (Q22; Q4).

Degree of likelihood (not likely to very likely) your company will invest money to meet
the following objectives in the next 5 years (Q24; Q8 and Q30).

Degree of contribution (low, average, high) of business practices to your company’s
success relative to your competitors (Q25; Q9 and Q31).

Company approach toward selecting new building and construction products, materials,
and practices (Q2; Q11).

Involvement in Master Planned Communities (operations only Q7).

e Human Resources

The number of employees (Q23 and Q6).
Use of union labor (operations only Q5).

e Market Context

The perceived level of influence of factors in the use of new materials and building
techniques in your work over the next 10-20 years (Q9; Q18)

e Industry Characteristics

The level of influence (no influence to high influence) of information sources (Q5 and
Q13; Q14 and Q22).
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= Importance of cooperation from sources in adopting new building and construction
products, materials, and practices (Q8; Q17).

e Technical and Economic Attributes of Specific Innovations

= The degree of agreement with statements in your individual consideration of new
building products, materials, and practices (Q6; Q15).

= The main perceived benefits from adopting new building and construction products,
materials, and practices (Q7; Q16).

= The impact of decision factors in deciding to use new building and construction products,
materials, and practices (Q14; Q23).

Population and Sample

The questionnaires were mailed to over 1,700 large production builders (342 to representatives
of corporate offices and the remaining to representatives of field or operations offices) using
procedures described in the methodology section (see Appendix A for a detailed discussion of
methodology). The sample of large production builders was drawn from the NAHB membership
list and was stratified by company size (all individual members associated with one of the 400
largest U.S. builders, otherwise referred to as a top 400 builder). It was assumed that the top 400
builders would include all builders within the definition for the study (a large production builder
was defined as a company that builds 200 or more single-family residential units in a year). As a
precaution, respondents whose company did not meet our definition were asked to return the
questionnaire to us incomplete.

Methods and Response Rate

Our results are based on a total of 84 responses. Using Dillman’s Total Design Method for
mailed surveys (which involved sending the questionnaire accompanied by a personalized letter,
sending a reminder postcard, and sending a second questionnaire and personalized letter), 58
completed mail surveys were received. In response to slow returns after the first mailing and
reminder postcard, online versions of both questionnaires were developed and the second
mailing offered instructions for electronic completion as an option. Four online completions
were received. To further increase the response rate, telephone interviews with selected
respondents who did not return a completed mail survey or respond online were conducted,
specifically targeting corporate respondents from the top 100 companies. They were called and
asked to complete a shortened version of the mailed questionnaire via telephone. The phone
interviews resulted in 15 completed phone interviews, and an additional seven online
completions also resulted from of the phone contacts.

Through the combined methods of the mailed survey, online option, and telephone interviews,
responses were obtained from representatives of 42 corporate offices and 42 operations level
offices (that the sample sizes are equal is coincidental).

Following the general description of the survey responses in the next section on Survey Results,
a descriptive analysis of building technology innovation is introduced.
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Key Definitions and Variables

To set the stage for the discussion of survey responses, certain ideas and variables need to be
clarified and defined.

e Innovative Technologies

As part of the survey, the respondents were asked about their use of 11 technologies (products
and processes). These are listed here and are more fully described in technical detail in Appendix
D.

Structural Insulated Panels (SIPSs).

Laminate flooring.

Spray-in foam insulation (Icynene).

Pre-cast concrete foundation walls.

Enterprise Resource Planning software.

Factory built wall or floor panels.

Wood/plastic composite or cellular PVVC exterior trim.
GPS land tracking.

. Web-based scheduling.

10. Wood I-joist structural floors.

11. Handheld PCs or PDAs for project scheduling & management.

CoNoa~WNE

“Innovative” technologies and products with a broad range of market penetration were purposely
chosen (some technologies were known to be widely used, and some were known to be used by
relatively few builders). Based on studies conducted by the NAHBRC (a January 2005 survey
and a 2002 study of data technologies), four of these technologies or products (structural
insulated panels, laminate flooring, spray-in foam insulation, and pre-cast concrete foundation
walls) were in the early stage of diffusion with 2% or less market penetration; three (Enterprise
Resource Planning software, factory built wall or floor panels, and wood/plastic composite or
cellular PVC exterior trim) were in a middle stage of diffusion with 5 to 9% market penetration;
and four (GPS land tracking, Web-based scheduling, wood I-joist structural floors, and handheld
PCs or PDAs for project scheduling & management) were in a late stage of diffusion with more
than 26% market share.

In analyzing the results, however, the definition of an innovative product or technology could
include anything as long as it was “new” to the adopter. This definition does not distinguish
between mature products that have already achieved a high level of market penetration (and
might be subject to replacement by newer products) and those that are new to the market and
have low levels of market penetration. The “newness” of a product can also be difficult to
measure accurately since some products go through a longer process of refinement before they
can be fully commercialized. For example, structural insulated panels (SIPs) have been available
for more than two decades, but they have not reached full market penetration. So while the list of
11 technologies (see Appendixes B and C, Part on Use of New Building and Construction
Products, Materials, and Practices) was developed based on prior studies and knowledge of
market penetration, the operational definition of innovation in this study is based on the degree
of market penetration among the respondents of this study.
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 Innovation Measures

Rather than utilize the pre-selection criteria for product innovativeness, the overall percent of
respondents who were currently using or had tried but discontinued using a product was used in
order to classify the innovativeness of the products. Determined by the product’s degree of
market penetration, three new categories resulted: early-stage, middle-stage, and late-stage
innovations. Four products were classified as early-stage innovations (SIPs, pre-cast concrete
foundation walls, Enterprise Resource Planning software, and GPS land tracking) based on a
market penetration of approximately 25% or lower. Five products were classified as middle-
stage innovations (spray-in foam insulation, factory built wall or floor panels, wood/plastic
composite or cellular PVC exterior trim, Web-based scheduling, and handheld PCs or PDAS)
based on a broad middle range of market penetration (from 30%-75%), and two products above
75% market penetration were classified as late-stage innovations (laminate flooring and wood I-
joist structural floors).

Two related measures of innovation were created for each respondent. The first innovation
measure has three categories identifying (1) those respondents who never tried any of the four
early-stage technologies (N=47 or 56%); (2) those respondents who had used only one of the
four early-stage technologies (N=22 or 26%); and (3) those respondents who had used two to
four of the early-stage technologies (N=15 or 18%).% Cross-tabulations and chi-square tests of
this innovation measure with other measures in the survey were prepared to help identify
statistically significant associations between these measures and innovation. Only statistically
significant associations (at the .10 or lower level) are reported in the following analysis of the
results of the survey.

The second innovation measure is a weighted index of the degree to which the respondents used
any of the products. Early-stage innovations have the most weight (4) in the index; middle-stage
innovations have a weight of 1; and the two late-stage innovations have a weight of 0. The
maximum score for this innovation index is 21 (16 points for the four early-stage innovations
and 5 points for the five middle-stage innovations). A similar weighting scheme was used to
calculate the innovation index used in the 2003 study report (Koebel et al. 2003).

The highest score for the innovation index was one company with 19 (using all four early-stage
innovations and three middle-stage innovations). Three companies used three of the early-stage
innovations and had index scores from 15 to 17. Eleven companies used two of the early-stage
innovations and had index scores from 9 to 13. Twenty-two companies used one of the early-
stage innovations and had index scores from 5 to 9. The remaining 47 companies did not use any
of the early-stage innovations and had index scores from 0 to 4. The innovation index is used in a
multivariate analysis of innovation reported in the Survey Results section.

Comparison with 2003 Study of Small to Midsize Builders

To put the results of this study in perspective, a section that compares the responses of large
production builders with those of small to midsize builders from an earlier, similar study (Koebel
et al. 2003) is included, removing builders that reported building 200 or more residential units in

2 Since two of the four early-stage innovations involve information technology, they were checked to see if they
occurred together and would thus bias the innovation measure. They appear to be independent.
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a year from the prior study’s database so that only small to midsize builders would be compared
to the group of large builder respondents. There were 216 respondents in the 2003 sample after
removing the larger builders. For a deeper discussion of that survey, refer to Koebel et al. 2003.

Qualitative Assessment

While the quantitative assessment of diffusion of innovation for large production builders
provided valuable information, it also presented issues needing further clarification. Following
an initial analysis of the data collected from the survey instrument, questions were formed whose
answers could help give a qualitative perspective to some of the results. Considering responses
from a number of survey questions, a measure of interest in innovation was derived. A list of
corporate respondents with high interest scores was compiled, and personal interviews were
subsequently arranged with three high-level corporate respondents and were conducted on-site.
These interviews not only helped make sense of the quantitative data but also provided key
information beyond that which had been collected from the mailed survey (for further
methodological discussion, see Appendix A). This information is presented in the section on
Qualitative Results.

Summary

Both survey instruments as well as an expanded methodology are presented in appendixes to this
report: an extensive methodological discussion is included in Appendix A; Appendix B provides
the corporate office questionnaire; and Appendix C provides the operations-level office
questionnaire.

SURVEY RESULTS

The survey results are presented in five sections covering the products and technologies included
in the survey: a description of survey responses including significant relationships between the
variables identified in the typology and model presented in Figures 1° and 2; a descriptive
analysis of building technology innovation by production builders including significant
relationships between the variables identified in the typology and model presented in Figures 1
and 2; a multivariate analysis of building technology innovation by production builders; and a
comparison of the 2003 survey results for small builders with the results from the current survey
of larger production builders including significant relationships between the variables identified
in the typology and model presented in Figures 1 and 2.

Depending on the question, results are presented below combining the corporate and operations
level responses except where noted, either because of strong variances between the two or
because the analysis requires a distinction. It should be noted that there was little difference
between the answers of corporate and operations respondents on most questions. Any important
differences are reported in the discussion. On some questions, missing data resulted in a reduced
number of responses.

® The factors presented in Figure 1 are discussed in a different order in the Survey Results section of this report to
demonstrate that these issues work from the industrial level, to the firm level, to the level of the innovation in
question.
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only 6% of the operations respondents reported production of this magnitude. Nonetheless, about
a third of the total respondents built between 1,000 and 10,000 units, and 5% were among the
very largest builders in the nation. Nearly all of the respondents built single-family detached
units and nearly 60% built townhouses, but only a quarter built apartments or condo units.

Table 2. Number of Units Built by Building Type

Number Single-family Townhouse Apartment Total
of units detached or duplex or condo units
0 6% 41% %%
1-249 22% 34% 12% 18%
250-999 37% 18% 6% 39%
1,000-2,499 22% 3% 3% 26%
2,500-9,999 9% 4% 4% 12%
10,000+ 4% 0% 0% 5%

Corp and operations combined. Operations asked to answer for their market area office.
N=68

See Appendix B, Q16 and Appendix C, Q1 for complete wording of questions.

Nearly half of the respondents were from companies operating throughout the nation (Figure 3).
Although there are not many national home builders (at the corporate level this category only
accounted for 15% of respondents), the extensiveness of their operations resulted in national
companies having nearly two-thirds of the operations level respondents. Between one-fourth and
one-fifth of the respondents operate in only one or two metropolitan areas.

Figure 3. Production Home Builders by Market Area Served

70%

59% 63%

60%

50% ® Throughout the nation
€ 400
g 40% O Across one or more regions of
E, 30% the nation

B Only in one or two metropolitan
0,
20% areas
10%

0%

Corporate Operations ~ Combined

Production Builders

Operations asked to answer for company as a whole.
Corp N=26, operations N=42, combined N=68

See Appendix B, Q15 and Appendix C, Q24 for complete wording of questions.

The respondents serve every market type, from starter to luxury (Figure 4). About half build for
the move-up market and one-third build for starter homes, and 16% build luxury homes.

Characteristics of Innovative Production Home Builders 19



Figure 4. Production Home Builders by Average Percent of Single-family Units Built
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Corp N=26, operations N=40, combined N=66

See Appendix B, Q17 and Appendix C, Q2 for complete wording of questions.

Based on corporate and operations respondents, most of the companies responding to the survey
had Finance, Marketing, and Purchasing Departments (Table 3). Corporate respondents were
more likely to identify an Information Technology Department (81%) than did operations
respondents (45%), but corporate IT departments might be less visible at the operations level.

Table 3. Production Home Builders by Departments within Company

Departments within Company Corp Operations
Research and Development 17% 24%
Architecture and Design 57% 57%
Information Technology 81% 45%
Finance 95% 86%
Purchasing 81% 93%
Marketing 88% 98%
Engineering 36% 21%

Operations asked to answer for their market area.
Corp N=42, operations N=42, small builders N=214 (those building under 200 units per year)

See Appendix B, Q21 and Appendix C, Q3 for complete wording of questions.

This organizational structure gives these companies substantial resources in business operations,
but they are less likely to have internal departments dealing with the technical aspects of
homebuilding. Among departments dealing more directly with building science, the most
frequent is Architecture and Design (A&D). This was reported by over half of the corporate and
operations level respondents. Engineering and Research and Development (R&D) Departments
were reported by about a quarter to a third of the respondents (Figure 5).
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Figure 5. Production Home Builders by R&D and A&D Departments
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See Appendix B, Q21 and Appendix C, Q3 for complete wording of questions.

Although formal R&D departments are found infrequently, production companies can support
technology development in a variety of other ways. Most of these companies have a technology
champion who keeps others abreast of innovative products and processes (Table 4). About half
support R&D efforts at the regional or local operational levels and use technology innovation as
part of their marketing strategy, which could help push R&D support down to the level where
opportunities and needs for new products often originate. Partnerships with manufacturers,
which were reported by two-thirds of the respondents, provide another avenue for capturing
greater technical capacity in building science; companies also use these partnering arrangements
for product branding and advertising.

Table 4. Production Home Builders’ Support of R&D for New Building Products or Processes

Support of Research and Development Corp Operations Combined
Has a champion within the company to keep

abreast of innovative products and processes 76% 68% 2%
Supports regional or local operations in R&D efforts 43% 53% 48%
Uses innovative products or processes as part of our

marketing strategy 50% 60% 55%
Has formed partnerships with manufacturers 62% 70% 66%
Does not support research and development of new

building products or processes 12% 18% 15%

Corp and operations asked to answer for the company as a whole.
Corp N=42, operations N=40, combined N=82

See Appendix B, Q20 and Appendix C, Q29 for complete wording of questions.

The lack of a formal R&D department does not mean that the company does not support R&D in
more informal ways—indeed, a majority of the respondents indicated that their companies do
support R&D in some fashion, despite the lack of a formal R&D department. Very few
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A majority of the respondents indicated that their respondents (15%) indicated that their
companies do support R&D in some fashion, despite the companies do not support R&D. Perhaps
lack of a formal R&D department.... Perhaps the best the best description of R&D within the
e industry is that it is prevalent as an informal
prevalent as an informal activity but is only emerging as .. . .

activity but is only emerging as an

an organized effort. X
organized effort.

» Organizational Culture: Influence and Locus of Decision-Making

The current survey demonstrates that there are _ _ _
multiple points of influence and dispersed There are multiple points of influence and

. . . . . . dispersed authority to make decisions about
authority to make decisions about innovations in ST (T 12 Gl e e

the companies responding to this survey. Among this survey... Although the authority to

these production builders, the responsibility for approve a new technology is more
identifying a new type of siding (used as an centralized than influence over that decision,
example of innovation) is shared across the in a majority of firms the decision is made at

or shared between the local and regional

corporation from the corporate level to the local levels

level (Table 5). Although the authority to approve
a new technology is more centralized than influence over that decision, in a majority of firms the
decision is made at or shared between the local and regional levels (Figure 6).

Table 5. Locus of Decisions on Identifying and Approving a New Type of Siding

Identifies Approves
Locus Corp Operations Corp Operations
Corporate level 15% 25% 40% 33%
Sub-corporate level
Regional level 19% 0% 8% 5%
Local level 27% 45% 28% 35%
Shared between headquarters
and regional offices 31% 18% 20% 10%
Shared between regional
and local offices 8% 13% 4% 18%

Operations asked to answer for their market area office.
Corp N=26 on Identifies and N=25 on Approves, operations N=40 on both Identifies and Approves

See Appendix B, Q1 and Appendix C, Q10 for complete wording of questions.

Many of the production builders Many of the production builders participating in the_ _
participating in the current survey have current survey have a strong teChn0|Ogy advocate within
a strong technology advocate within the the firm (Figure 7). Corporate respondents were more
firm. likely to identify technology advocates at the corporate
level, but a majority also knew of technology advocates at the operations level. Operations
respondents were just as likely to identify operations level technology advocates as they were
corporate level advocates, perhaps reflecting better knowledge of their own operational level.
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Figure 6. Production Home Builders by Sub-Corporate Locus of Decisions on Identifying and Approving a
New Type of Siding
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See Appendix B, Q1 and Appendix C, Q10 for complete wording of questions.

Figure 7. Production Home Builders with a Strong Advocate of Innovation by Company Level
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See Appendix B, Q3 and Appendix C, Q12 for complete wording of questions.

Table 6 shows that influence and decision authority on innovative products among large
production builders is not controlled by the CEO or a board member (even though in some
companies the founding owner serves as chairman of the board). Obviously, these positions have
influence, but the sources of influence and decisions are spread across departments at the
corporate and operations levels.
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Table 6. Production Home Builders by Position with Significant Influence over Decision to Use a New Type of

Siding

Significant Influence Final Decision
Position Corp  Operations Corp Operations
Board Member 19% 5% 4% 0%
Chief Executive Officer 52% 12% 30% 12%
Chief Financial Officer 11% 0% 0% 0%
Head of Research & Development 22% 32% 7% 10%
Head of Purchasing 93% 54% 37% 34%
Chief Designer/Architect 44% 44% 0% 10%
Chief Engineer 4% 7% 0% 2%
Head of Sales/Marketing 41% 27% 4% 0%
Others in corporate offices 22% 5% 15% 5%
Regional Office Dir. 11% 24% 0% 7%
Regional Purchasing Dir. 48% 46% 7% 27%
Regional Senior Project Mgr. 26% 12% 0% 0%
Regional Project Mgr. 15% 15% 0% 0%
Others in regional offices 7% 5% 0% 0%
Local Office Director 7% 44% 4% 27%
Local Purchasing Dir. 48% 76% 7% 24%
Local Senior Project Mgr. 19% 46% 0% 7%
Local Project Mgr. 22% 42% 0% 0%
Others in local offices 11% 37% 0% 15%

Corp N=27, operations N=41 on Significant Influence, corp N=21, operations N=22 on Final Decision

See Appendix B, Q4 and Appendix C, Q13 for complete wording of questions.

Table 6 and Figure 8 reveal that while R&D and While R&D and A&D departments frequently
A&D departments.fr_equently have significant have significant influence over decisions on new
influence over decisions on new products, they products, they seldom make the final decisions on

seldom make the final decisions on adoption. adoption. These departments provide depth in
These departments provide depth in technical technical aspects of building systems, but
aspects of building systems, but decisions are decisions are made by others with broader

made by others with broader responsibilities for | reSPonsibilities for business operations.

business operations.

Purchasing departments play a large Purchasing departments play a large role in influencing
role in influencing and making decisions and making deC|5|on§ on new products and materials

on new products and materials among among these production builders. The corporate head of
these production builders. purchasing was identified by 93% of the corporate
respondents and 54% of the operations respondents as a
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Figure 8. Head R&D and A&D with Significant Influence in Choosing a New Type of Siding
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See Appendix B, Q4 and Appendix C, Q13 for complete wording of questions.

significant influence on decisionmaking (Figure 9). In addition, regional purchasing directors
were identified as having significant influence by about half of the corporate and operations
respondents. Local purchasing directors were just as frequently mentioned by corporate
respondents and were identified as having significant influence over new product decisions by
76% of the operations respondents.

Figure 9. Purchasing Position with Significant Influence in Choosing a New Type of Siding
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See Appendix B, Q4 and Appendix C, Q13 for complete wording of questions.
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e Organizational Culture: Corporate Philosophy and Business Strategy

Growth is an important element of a company’s business strategy. The corporate respondents
among larger production builders reported aggressive plans for growth (Table 7). Although the
operations level included more diverse expectations about growth, three-fourths reported plans
for similarly aggressive growth in their market areas.

Table 7. Production Home Builders by Growth Plan

Growth Plan Corp Operations
Plan to increase net profits over the next 5 years:
Expect reduction in net profits due to downsizing 0% 2%
Net profits less than 5% a year 0% 10%
Net profits 5-10% a year 68% 29%
Net profits more than 10% a year 32% 57%
No specific plan for growth - 2%

Operations asked to answer for their market area office.
Corp N=25, operations N=42

See Appendix B, Q22 and Appendix C, Q4 for complete wording of questions.

The production bqlldgrs in the_currer_lt SUTVEY WErE | iorme of objectives related directly to
asked to rate the likelihood of investing time and construction, the highest ratings (72%-81%)
money over the next five years toward a variety of ' were given to reducing construction defects
management and building technology objectives. and call-backs, improving subcontractor

In terms of objectives related directly to dependability, and improving the style and
construction, the highest ratings (72%-81%) were ~ auractiveness of the homes they build.

given to reducing construction defects and call-

backs, improving subcontractor dependability, and improving the style and attractiveness of the
homes they build (Table 8). Again, the themes of quality and marketability come through clearly.
Cost reduction and productivity (reduced cycle time) were rated as very likely by 61% or 62% of
the respondents. Less than half of the production respondents rated investments in building
technology as a means to improve market share as very likely, and a slightly smaller group rated
investments in R&D as very likely.

Production builders’ business models are revealed somewhat by identifying business strategies
that they see as contributing highly to their success (Table 9). Three-fourths of these firms
emphasize customer service in terms of quickly addressing problems in new homes. This aspect
of customer service rates in importance well above the next two items, providing amenities
within the communities they develop and offering high quality architectural design (Figure 10).
Structural quality and better mechanical systems, two building technology items, were rated by
half of the respondents as contributing highly to the company’s success, and fewer than half
rated homes with desirable finishing features this way. One-third, a good-size minority of these
firms, rated energy-efficient, environmentally sensitive homes as a high contributor to success.
Only 19% saw investing in the development of new building technologies as contributing highly
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to success, and 22% saw it as having low contribution. The only item of less importance was
providing a lower cost per square foot home.

What emerges from this is a dominant business strategy L :

. . . . What emerges from this is a dominant
oriented towards customer service, community design business strategy oriented towards
and house design. From one-fifth to one-half of the customer service, community design
respondents include core aspects of building technology = and house design.
as part of their business strategies.

Table 8. Production Home Builders Likely to Invest in Business Objectives

Objectives Not Likely Somewhat Likely Very Likely

Likelihood of investing time and money
over the next 5 years in:
Improving style and attractiveness
of our homes 5% 23% 2%
Improving subcontractor dependability 5% 19% 76%
Reducing costs through use of new
building and construction products,

materials, and practices 2% 36% 62%
Reducing cycle times 7% 31% 61%
Improving our ability to purchase

and develop the best land 7% 10% 83%

Protecting or improving market share
through use of new building and
construction products, materials,

and practices 6% 45% 49%
Reducing construction defects/

call-backs 4% 16% 81%
Reducing overhead costs 4% 38% 58%
Offering the best mortgage financing

to homebuyers 21% 31% 48%
Researching new products, materials,

and practices 11% 43% 46%
Educating buyers about new

technologies 18% 51% 31%

Corp and operations combined. Operations asked to answer for their market area office.
Depending on the question, N=83 to 84 on corp and operations combined

See Appendix B, Q24 and Appendix C, Q8 for complete wording of questions.
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Table 9. Production Home Builders by Factors Contributing to Success

Low Average High

Factors Contribution Contribution Contribution
We provide a lower cost per square foot home 34% 46% 19%
Our homes have more desirable features (for

example, countertops and trim work) 4% 50% 46%
Our developments have more desirable

features like public areas, trails, bike-

paths, gated access 7% 35% 57%
We offer energy-efficient, environmentally

sensitive homes 13% 52% 35%
Our homes have higher structural quality

and better mechanical systems 3% 46% 51%
We have a strong reputation for quickly

addressing problems in new homes 2% 24% 75%
Our land acquisition capabilities and ability to

gain government approvals for development 6% 50% 44%
We offer high quality architectural design 4% 38% 57%
We invest in the development of new

building technologies 22% 59% 19%

Corp and operations combined. Operations asked to answer for their market area office.
Depending on the question, N= 27 to 68

See Appendix B, Q25 and Appendix C, Q9 for complete wording of questions.

Figure 10. Top Three Factors Contributing to Success
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See Appendix B, Q25 and Appendix C, Q9 for complete wording of questions.
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Table 10 provides responses to another question about business strategy more specifically
targeting building technology innovation. Two of the responses reflect conservative stances
toward innovation: waiting until other builders demonstrate the success of new products and
encouraging homebuyers to stick with “tried and true” products and materials. Two other
questions represent strategies that embrace innovation: being the first to offer new and
innovative building products and distinguishing themselves as creative by offering distinctive
and unique materials and products.

The answers reveal several interesting patterns. Among corporate respondents, about half were
Among corporate respondents, about half were clearly in the ““second-mover™ position relative
clearly in the “second-mover” position relative to  to innovation in building technology, and
innovation in building technology, and between ibrfrg‘c’)"\?gtr;oon”:l:g'g‘:ezrt‘i‘\’li‘t’”g'shagrf’;‘f"t’;z;f
one-t'hl'rd and one-half (_endorsed |nnovat|on_and SPDroal {0 seleeang ngw bl'j’”ding and
creativity as part of their approach to selecting construction products, materials, and

new building and construction products, practices.

materials, and practices. Both stances were more

likely among corporate respondents than operations level respondents, although they express the
same level of support for being a first-mover relative to new building products (about one-third).

Table 10. Production Home Builders by Approach to Selecting New Building and Construction Products,
Materials, and Practices

Approach Corp Operations

We like to wait until other builders have successfully
offered new building and construction products,

materials, and practices before we use them 48% 22%
We are often the first to offer a new and innovative

building product or system 31% 29%
We encourage homebuyers to stick with “tried and true”

materials and products 50% 15%
Our goal is to set ourselves apart, to be creative, and to offer

materials and products that are distinctive and unique 52% 32%

Operations asked to answer for their market area.
Corp N=42, operations N=41

See Appendix B, Q2 and Appendix C, Q11 for complete wording of questions.

e Market Context

Perspectives about market trends that will

influence the use of new materials and techniques ~ Perhaps the single most important trend that
over the next ten to twenty years can point to could affect_futurg innovati_on in building
emerging business strategies among these technology is the increase in energy costs
builders (Table 11). Perhaps the single most
important trend that could affect future innovation in building technology is the increase in
energy costs. Seven of ten respondents rated energy costs as influencing building technology
innovation over this time span. In addition, our qualitative interviews with builders confirmed
that energy costs will likely play a major role in pushing technology innovations into the market.
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Table 11. Factors Influencing the Use of New Building and Construction Products, Materials, and Practices
over the Next 10-20 Years

Factors Low Influence  Average Influence  High Influence
Energy costs 1% 29% 70%
Land costs/availability 10% 29% 62%
Labor costs/availability 2% 37% 61%
Labor quality 5% 40% 56%
Competition from large national builders 6% 41% 54%
Cost savings achieved through technology 8% 46% 45%
Higher quality buildings created through

technology advances 8% 49% 43%
Government regulations 8% 54% 38%
More centralized control over production

within our company 25% 39% 36%
Consumers becoming more aware of

building technologies 7% 63% 30%
Decentralized, local decisions over production 39% 55% 6%
Innovation by smaller builders 42% 51% 7%

Corp and operations combined. Corp and operations asked to answer from an individual perspective.
N=84

See Appendix B, Q9 and Appendix C, Q18 for complete wording of questions.

Also identified as highly influential in building technology innovation over the next two decades
were land costs/availability and labor costs/availability with nearly two thirds of the survey
respondents rating these trends as having high influence (Figure 11). Labor quality and
competition from large national builders were other trends identified by half or more of the
survey respondents as highly influential in building technology innovation over the next 10 to 20
years.

Figure 11. Top Three Factors Influencing the Use of New Building and Construction Products, Materials, and
Practices over the Next 10-20 Years
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Corp and operations combined. Corp and operations asked to answer from an individual perspective. N=84

See Appendix B, Q9 and Appendix C, Q18 for complete wording of questions.
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As noted earlier, the respondents did not include cost savings as a primary business strategy.
They compete more on quality, land, community amenities and customer services than on price.
Only a third of the respondents identified government regulations, consumer awareness of
building technologies, and centralized control over production as highly influencing building
technology innovation over the next twenty years, but over 90% rated government regulations
and consumer awareness as having average to high influence. In addition, these larger builders
saw innovation by smaller builders as having relatively low influence in their own use of
technology innovation.

» Industry Characteristics

Technology scanning is a relatively new strategy for companies to keep abreast of innovations
that they can exploit to improve operations, increase profits, expand market share, or develop
new markets. Since few home builders invent or create new homebuilding products or
technologies, they are primarily reliant on internal and external sources of information about
technology advances.

Production builders rated the following information sources as having a high level of influence
on keeping them up-to-date on building and construction products, materials, and practices: local
offices within the company; subcontractors (more so at the operations level than corporate level);
and manufacturers (Table 12 and Figure 12). Wholesalers and suppliers also were identified by
nearly a third of the survey respondents as having a high level of influence on keeping them up-
to date. Production builders’ reliance on local offices (as well as subcontractors) as a source of
information on new products fits their corporate culture of decentralization, particularly related
to construction. They also appear to rely somewhat more on manufacturers than on suppliers,
perhaps due to the direct access large builders have to manufacturers. Larger builders are much
less reliant on other builders, trade shows, trade publications and technology transfer programs to
keep them informed about new products. Universities are the least influential sources of
information about new building and construction products, materials, and practices.

Residential construction requires cooperation among multiple parties, none of which controls the
entire process. The production home builder manages the assembly of the product—the house—
at the final site. Although the degree of site assembly varies based on the number of pre-
assembled components, homebuilding relies on a complex network of companies, including
manufacturers, suppliers, corporate offices of the production builder, regional and local offices
of the production builder, project/construction managers, and subcontractors, among others.
Seven of ten production builders rated cooperation

by suppliers, manufacturers, and subcontractors of Seven of ten production builders rated

high importance, much more so than cooperation by ~ €ooperation by suppliers, manufacturers,

their internal architects or engineers, regional U SUDEDN B @] e gl iss.
managers and project/construction managers (Table
13).
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Table 12. Production Home Builders’ Information Sources for Keeping Up-to-Date on New Building and
Construction Products, Materials, and Practices

Sources No Influence Some Influence High Influence
Company headquarters 15% 59% 27%
Company regional offices 23% 60% 17%
Company local offices 10% 48% 42%
Trade shows 15% 59% 26%
Homebuyers 39% 45% 16%
Internet in general 43% 50% 7%
Internet sites like HousingZone.com

or Toolbase.org 58% 37% 5%
Retail Outlets (Home Depot, Lowe’s) 70% 30% 0000 -
Wholesalers and suppliers 12% 55% 33%
Manufacturers 3% 57% 41%
NAHB and other trade associations 19% 65% 16%
Other builders 29% 57% 15%
Subcontractors 7% 48% 45%

Technology transfer programs like
PATH, EnergyStar, Building America,

or local green building programs 35% 52% 13%
Trade publications 22% 67% 12%
Universities 82% 16% 2%

Corp and operations combined. Both corp and operations asked to answer for the company as a whole.
Depending on the question, N=60 to 68 on corp and operations combined

See Appendix B, Q5 and Appendix C, Q14 for complete wording of questions.

Figure 12. Top Three Influential Sources for Keeping Up-to-Date on New Building and Construction
Products, Materials, and Practices
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See Appendix B, Q5 and Appendix C, Q14 for complete wording of questions.
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Table 13. Production Home Builders by Cooperation of Parties in Adopting New Building and Construction
Products, Materials, and Practices

Parties of Cooperation Low Importance Average Importance High Importance
Suppliers 1% 27% 71%
Manufacturers 5% 24% 71%
Subcontractors 7% 23% 70%
Corporate architects or engineers 20% 50% 30%
Regional managers (if applicable) 8% 40% 52%
Project/construction managers in

local offices 18% 42% 41%

Corp and operations combined. Corp and operations asked to answer from an individual perspective.
N=84 on corp and operations combined

See Appendix B, Q8 and Appendix C, Q17 for complete wording of questions.

e Technical and Economic Attributes of Innovation

Various factors associated with the characteristics of

innovations have been identified as possible In general, the respondents felt that

impediments to adoption of innovations in residential TIOES [N S BB st
. more than those they replace and that their

construction. In general, the respondents felt that

. - . subcontractors are resistant to using new
innovative products and materials cost more than those products

they replace and that their subcontractors are resistant
to using new products. They agree their companies rely on established manufacturers and
suppliers that stand behind their products (Table 14). About one-fourth to one-third think that
building codes impede innovation, new building products increase risks of call-backs, and their
own construction workers are resistant to innovation. One-fourth reported they identify
competitive advantage through innovation as part of their company’s business strategy, and few
felt that their customers resist innovation. They are evenly split in their impressions about
whether manufacturers and suppliers provide inadequate support for new products.

: _ Although many production companies include
Although many production companies include technol . fi t of their busi
technology innovation as part of their business echnology mnovf”1 _'On as p_ar 0 (?Ir usmes_s
strategy, the specific benefits to their strategy, the §peC|f|'c bpneﬂts to their companies
companies from innovative building and from innovative building and construction
construction products, materials, and practices | products, materials, and practices are not as clear
are not as clear. Quality of homes built was the (Table 15). A majority (64%) of the production
only factor identified as highly beneficial by a builders in th i | ted i q
majority of the survey respondents, uilders in the current survey only rated increase

quality as being highly beneficial. Given their

perceptions about the higher costs associated with
new products and materials, decisions to innovate might rely heavily on consumers’ willingness
to pay the price of higher quality. Between 41% and 45% of production builders rated four other
potential benefits from using new building products: meeting customers’ expectations, increased
competitiveness, creating an image as an innovative builder, and reduced call-backs.
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Table 14. Production Home Builders by Impediments for Considering New Building and Construction
Products, Materials, and Practices

Impediments Disagree Neutral Agree
Building codes make it difficult to use new

building and construction products and materials 16% 45% 39%
New building and construction products and materials

generally cost more than ones we currently use 15% 33% 52%
Our customers prefer the “tried and true” and don’t

like nontraditional products or features 38% 51% 12%
It is dangerous to be among the first firms

who try new things in our market 32% 38% 30%
Our bankers and insurance companies are hesitant

to underwrite projects with new products and materials 57% 38% 4%
Manufacturers and suppliers generally do

not provide enough support for new products 29% 41% 30%

Gaining competitive advantage by using new building
and construction products and materials is not an

important part of our company’s business strategy 59% 29% 12%
Using new building and construction products

and materials increases our risk of call-backs 19% 41% 41%
Subcontractors in our market do not usually want to adapt

to new building and construction products and materials 13% 46% 41%
Our construction workers find it difficult

to learn a new way of building 12% 45% 44%

Our firm only uses new building and construction
products and materials from established companies
that stand behind their products 4% 18% 78%

Corp and operations combined. Both corp and operations asked to answer from an individual perspective.
Depending on the question, N=68 to 69 on corp and operations

See Appendix B, Q6 and Appendix C, Q15 for complete wording of questions.

Table 15. Production Home Builders by Benefit of Adopting New Building and Construction Products,
Materials, and Practices

Benefit over Past 5 Years Low Benefit Average Benefit High Benefit
Decreased costs of building 23% 55% 23%
Created image as an innovative builder 17% 43% 41%
Increased productivity 11% 54% 35%
Increased quality of homes built 4% 32% 64%
Helped comply with codes and regulations ~ 20% 55% 25%
Increased profit 25% 52% 23%
Increased competitiveness 17% 38% 45%
Helped meet customers’ expectations 6% 48% 46%
Reduced build time 25% 52% 23%
Reduced call-backs 11% 47% 42%

Corp and operations combined. Corp and operations asked to answer from an individual perspective.
N=84

See Appendix B, Q7 and Appendix C, Q16 for complete wording of questions.

34 Characteristics of Innovative Production Home Builders



The potential for reduced call-backs was also perceived as a high benefit by 42% of the
production builders, who were also three times more likely to rate increased productivity as a
high benefit (35%) than as a low benefit (11%). Increased quality, the highest rated benefit from
innovation, should result in reduced “call-backs.” Production builders should be receptive to new
building products from manufacturers who can deliver products with these attributes.

Fewer production builders believe that building technology innovation can generate higher than
average benefits in terms of decreased costs, increased profits, compliance with building codes,
or reduced build times.

Survey Responses Based on Innovativeness

The operational definition of innovation in this study is based on the degree of market
penetration of peer-determined technological innovations among the respondents. The overall
percent of respondents who were currently using or had tried but discontinued a product was
used in order to classify the innovativeness of the products. Based on their degree of market
penetration, products were classified as early-stage innovations (25% or lower market
penetration), middle-stage innovations (30%-75%), and late-stage innovations (above 75%).

To create a measure of innovation for each respondent, the degree of use of the early-stage
products described above was determined. Three categories were used to identify (1) those
respondents who never tried any of the four early-stage technologies (N=47 or 56%); (2) those
respondents who had used only one of the four early-stage technologies (N=22 or 26%); and (3)
those respondents who had used two to four of the early-stage technologies (N=15 or 18%).
Cross-tabulations and chi-square tests of this innovation measure (referred to in the following
tables as “Number of Innovations Tried or Being Used”) were prepared with the other measures
in the survey to help identify statistically significant associations between these measures and
innovation. Only statistically significant associations (at the .10 or lower level) are reported in
the following analysis of the results of the survey.

e Organizational Structure

Company size, as measured by units built, is Company size, as measured by units built, is
associated with the number of innovative associated with the number of innovative products
products adopted (Figure 13). Among adopted. ... [In addition,] production builders

operating throughout the nation were much more

companies producing fewer than 1,000 likely to use the early- stage innovations.

housing units, 38% had used one or more of
the early stage innovations in the survey and only 8% had used two to four. This increases to
47% and 12% for companies building 1,000-2,499 units and to 54% and 36% for companies
building 2,500 or more houses in a year.

Production builders operating throughout the nation were much more likely to use the early-
stage innovations measured in the survey (Figure 14). This could be a reflection of their larger
size, but these firms might also be more innovative because of their business philosophies.
Although national companies are more likely to be innovative in building technology, innovation
does occur in some non-national companies.
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Figure 13. Number of Innovative Products Tried or Being Used by Company Size (Units Built Per Year)

70%

63%
60% - 53%
50% | 45%

W <1,000 units, N=40
0 1,000-2,499, N=17
= 2,500+, N=11

40% - 35%
30%

Percent

30%
0 18%
20% o 12%
10% - 8%
0% -

0 1 2-4

Number of Innovative Products Tried or Being Used

Corp and operations combined. Operations asked to answer for their market area office.

See Appendix B, Q16 and Appendix C, Q1 for complete wording of questions.

Figure 14. Number of Innovative Products Tried or Being Used by Market Area Served

70% 5
60% -
50% - 47%
40% - 33% W Throughout the nation, N=30
30% - 26% O Regional or local, N=38

20%
20% -

0% -
0 1 2-4

Percent

Number of Innovative Products Tried or Being
Used

Corp and operations combined. Operations asked to answer for company as a whole.

See Appendix B, Q15 and Appendix C, Q24 for complete wording of questions.

Commentaries on innovation in construction often suggest that the industry’s low level of R&D
investment impedes innovation. But the relationship between R&D and innovation in
construction has never been addressed empirically. The representation of several firms reporting
R&D departments in this survey provides an opportunity to examine if the presence of R&D
increases innovation. It should be noted that the survey results cannot be interpreted as an
estimate of the national frequency of R&D among production builders, since the low response
rate could have reduced the randomness of the sample, and the survey left the respondent to
define “research and development.” Since R&D is thought to be rare in homebuilding firms, it
might be overrepresented in this survey.
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The survey results do not indicate a clear _—

. : The survey results do not indicate a clear
!’EIatlon_Sh'p betvyeen an R&D departmenj[ and relationship between an R&D department and
innovation. Having an R&D department increased  innovation.
the likelihood of trying or using one of the
innovative products measured in the survey, but not two or more (Table 16). Overall, based on a
chi-square test, the relationship was statistically insignificant. Having an Engineering
Department was statistically associated with an increased likelihood of trying or using two or
more of these products. The presence of other departments was not related to the use of these
innovations.

Table 16. Innovation When Companies Have R&D or Engineering Departments

Number of Innovations Tried or Being Used

Departments within Company 0 1 2-4 N
With R&D Dept 47% 35% 18% 17
Without R&D Dept 58% 24% 18% 67
With Engineering Dept 38% 29% 33% 24
Without Engineering Dept 63% 25% 12% 84

Corp and operations combined. Operations asked to answer for their market area office.

See Appendix B, Q21 and Appendix C, Q3 for complete wording of questions.

Since manufacturers typically initiate the
commercialization process for new products (and often Large companies can use their size to
are the source for invention or creation) and builders L
have greater ability to field test new products, the lack up-stream In the supply chain, and the
. ! current survey indicates that many of
of partnership between manufacturers and builders them are indeed starting to develop
noted by Slaughter (2000) could impede technology closer ties with manufacturers.
development and commercialization in residential
construction. Large companies can use their size to their
Builders need to develop new advantage with organizations up-stream in the supply

approaches in order to exact first- chain, and the current survey indicates that many of them
mover advantages in technology

. . ; are indeed starting to develop closer ties with

innovation by bundling technology . . .
innovation, marketing, and customer manufacturers. Two-thirds of the production companies
service. responding to the survey had formed partnerships with

manufacturers. Although the nature of these partnerships
was not explored, increased development of manufacturer-builder relationships should create
additional opportunities to bring innovations to the market. As noted elsewhere (Koebel and
McCoy 2006), builders need to develop new approaches in order to exact first-mover advantages
in technology innovation by bundling technology innovation, marketing, and customer service.

e Organizational Culture: Influence, Locus of Decisionmaking and Innovation

The impact on innovation of multiple points of influence and decentralized or participatory
decision-making is not transparent. A single decisionmaker who allows relatively few sources of
influence might act more quickly and perhaps more rashly when making decisions than multiple
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